Context. VLA 1623−2417 is a triple protostellar system deeply embedded in Ophiuchus A. Sources A and B have a separation of 1.1 , making their study difficult beyond the submillimeter regime. Lack of circumstellar gas emission suggested that VLA 1623 B has a very cold envelope and is much younger than source A, generally considered the prototypical Class 0 source. Aims. We explore the consequences of new ALMA Band 9 data on the spectral energy distribution (SED) of VLA 1623−2417 and their inferred nature. Methods. Using dust continuum observations spanning from centimeter to near-infrared wavelengths, the SED of each component in VLA 1623−2417 is constructed and analysed. Results. The ALMA Band 9 data presented here show that the SED of VLA 1623−2417 B does not peak at 850µm as previously expected, but instead presents the same shape as VLA 1623−2417 A at wavelengths shorter than 450 µm. Conclusions. The results presented here indicate that the previous assumption that the flux in Herschel and Spitzer observations is solely dominated by VLA 1623−2417 A is not valid, and instead, VLA 1623−2417 B most likely contributes a significant fraction of the flux at λ < 450 µm. These results, however, do not explain the lack of circumstellar gas emission and puzzling nature of VLA 1623−2417 B.
Introduction
VLA 1623−2417 (hereafter VLA 1623) is a deeply embedded protostellar system in Ophiuchus A (L1688), and first observed by André et al. (1990) . Recent observations place L1688 and VLA 1623 at a distance of 137.3 ± 1.2 pc (Ortiz-León et al. 2017) . VLA 1623 is generally considered to be the prototypical Class 0 source (André et al. 1993) . Observations at centimeter wavelengths with the Very Large Array (VLA) revealed several continuum peaks (Bontemps & Andre 1997) , which were interpreted as the central object of VLA 1623 and the jet knots A, B and C. However, observations of the outflow suggested more than one component is present in VLA 1623 (Dent et al. 1995; Yu & Chernin 1997; Caratti o Garatti et al. 2006) . Interferometric observations in submillimeter revealed that VLA 1623 is actually a triple protostellar system (Looney et al. 2000; , with each component driving an outflow of its own Santangelo et al. 2015) . The VLA interferometric centimeter peaks A and B matched with sources B and W, respectively (Ward-Thompson et al. 2011; . No submillimeter counterpart was observed for the centimeter peak C detected with the VLA.
VLA 1623 A is brightest in the submillimeter wavelength range, presenting a centrally peaked source with extended dust emission coinciding with the Keplerian disk traced in C 18 O . VLA 1623 B is separated from source A by 1.1 to the west, and presents a strongly collimated outflow (Santangelo et al. 2015) . Interferometric observations do not detect warm (C 18 O, c−C 3 H 2 ) or cold (DCO + , N 2 D + , N 2 H + ) gas emission associated with VLA 1623 B (Murillo et al. , 2016 . Submillimeter Array (SMA, Ho et al. 2004 ) observations detected SO peaking between sources A and B . Even more interesting is the detection of a variable H 2 O maser centered on VLA 1623 B (Furuya et al. 2003) , detected between 8 to 13 km s −1 . Suggestions have been made that VLA 1623 B could be a background object, such as a galaxy. The velocity shift of the H 2 O maser would suggest a redshift of 3-4×10 −5 . Thus, if the maser is associated with VLA 1623 B, then this source is located within our galaxy. VLA 1623 W, separated by 10 from VLA 1623 A, presents hints of a rotating envelope or disk-like structure, and a slightly different systemic velocity (∼1 km s −1 ) from its companions VLA 1623 A and B (∼3.5 km s −1 ) .
In this paper, we present Atacama Large Millimeter/submillimeter Array (ALMA) Cycle 2 Band 9 dust continuum observations of VLA 1623. These data, combined with previous ALMA Band 6 and 7 observations, continuum fluxes found in literature, and fluxes from Spitzer and Herschel observations, are used to construct and analyze the spectral energy distribution (SED) of each component in VLA 1623. In addition, newly reduced Spitzer IRS spectra for VLA 1623 is also presented here. Santangelo et al. (2015) ; Murillo et al. (2015 Murillo et al. ( , 2018 . ALMA Cycle 0 Band 6 observations (Project code: 2011.0.00902.S; PI: N. Murillo) of VLA 1623, with phase center α J2000 = 16:26:26.419; δ J2000 = −24:24:29.988, slightly offset from the position of VLA 1623 A, were previously reported in .
The Spitzer IRS spectra are new reductions of serendipitous observations of VLA 1623. The VLA 1623 W and blended VLA 1623 A & B components were aligned along the LL slit of the second target in the clustered AOR 12697600 (PID 2) and are visible in the second nod. The basic-calibrated data were downloaded from the Spitzer Heritage Archive and reduced by hand using the AdOpt optimal point source extraction routines from the CASSIS low-resolution pipeline update, version 7 (Lebouteiller et al. 2010 ) provided in SMART (Higdon et al. 2004) . The VLA 1623 W and blended VLA 1623 A & B components were fit simulataneously, along with a low-order polynomial sky background, at each wavelength. The resulting spectra are complete in LL (14-35 microns) for source W, but the flux of the blended sources A & B is only detected longwards of 19 microns.
Results
Measured fluxes from ALMA observations are listed in Table 2 . VLA 1623 A presents a central bright component surrounded by extended emission in all bands (Fig. 1 ). In the Band 9 observations, source A does not show further multiplicity, and the clumpiness of the extended dust emission is most likely due to the difficulty of recovering extended structure with high spatial resolution observations. The extended dust emission from Cycle 2 Band 6 data was found to have a radius of ∼100 AU (Persson et al. 2016) , smaller than that of the Keplerian disk (150 AU) traced with C 18 O . In contrast, VLA 1623 B is observed to be compact, almost point-like in all Bands. The extended emission in the Band 9 image is most likely not real, and product of the difficulty of recovering structure with high spatial resolution observations. Similarly, VLA 1623 W is also Table 1 . The green ellipses show the beamsize of the observations. The green box in the middle panel outlines the area of the Band 9 observations presented in the bottom panel.
point-like in Bands 6 and 7, but with a continuum flux 3 to 5 times weaker than VLA 1623 B (Table 2) . Fluxes for each component are measured using a region which is defined by the 3σ contour of the continuum emission. For Band 9 continuum, we use the same region used for Band 6. For VLA 1623 A, the extended dust disk component is included in the region used for flux measurement. Measured fluxes are listed in Table 2 . VLA 1623 A is brighter than VLA 1623 B by a factor up to 2, although this difference in fluxes might be caused by the inclusion of the dust disk in the flux of VLA 1623 A, and assuming that VLA 1623 B has no disk. VLA 1623 W is dimmer than VLA 1623 A and B by about a factor of 5 to 12. 
Analysis
In order to construct the SEDs of VLA 1623, the fluxes presented in this work are used, together with those found in literature. Diolaiti et al. 2000) . The PSF for each wavelength is extracted from the corresponding PACS maps using sources that appear as point sources and have little to no extended emission around them. An aperture mask is applied to the PSF, thus minimizing the extented emission that can be included during photometry. Due to the aperture mask, an aperture correction factor obtained from Balog et al. (2014) is applied to the fluxes. At 160 and 100 µm, deblending of the detected sources was done in order to obtain fluxes for VLA 1623 W. The method is further detailed in Murillo et al. (2016) and Diolaiti et al. (2000) . Table 2 • ). Spitzer observations detect VLA 1623 W in all IRAC and MIPS channels, while unresolved VLA 1623 A and B are detected only in MIPS1 , indicating that both sources are deeply embedded. IRS spectra for VLA 1623 W, and unresolved VLA 1623 A and B are included in the SEDs.
The SEDs are fit using the Scipy method curve_fit 1 with a single-temperature graybody, and with optical depth τ ∝ ν β , where β is the dust emissivity index. The fit is done in the wavelength range from 7 mm to 22 µm. The best fit curves are shown 1 https://www.scipy.org/ in Fig. 2 . The graybody fits are practically the same with or without the Herschel PACS fluxes, which is to be expected since the Herschel fluxes are picking up the envelope material as well. In the submillimeter regime, the SEDs of VLA 1623 A and B are quite similar, as shown in Fig. 2 with open and filled symbols. For sources A and B, the unresolved emission at λ < 450µm is fitted in three ways. First, assuming all the infrared emission belongs to one of the sources (Fig. 2 solid red line) . Second, the infrared emission is evenly distributed between both sources ( Fig. 2 dashed red line) . Third, VLA 1623 B only contributes one-tenth of the infrared emission ( Fig. 2 dotted red line) . The resulting dust temperatures T dust are similar for all three fits, and for both systems, between 40 to 50 K. However, it is not certain if the emission is evenly distributed at all wavelengths or varies with wavelength. Thus, there are large uncertainties in the SED fit of VLA 1623 A and B. However, the derived dust temperature for VLA 1623 B (38 to 49 K) is larger by an order of magnitude than previously expected (T dust = 5 K, Murillo & Lai 2013). The derived dust temperature for VLA 1623 W (66 K) is also higher than previously reported (T dust = 41 K, Murillo & Lai 2013). The higher dust temperature is most likely due to the addition of the IRS spectra to the SED, which was not included in previous studies.
The bolometric luminosity is calculated based on the curve of the fits to the constructed SEDs using the trapezoid method. Considering the three cases used for SED fitting, the bolometric luminosity of VLA 1623 A is between ∼0.4 -0.5 L , while for VLA 1623 B it is between ∼0.2 -0.3 L . It must be stressed that due to the SED being unresolved at wavelengths shorter than 450 µm for VLA 1623 A and B, parameters derived from the SED are uncertain, and these bolometric luminosities are rough estimates. In addition, source A appears brighter since the emission from the dust disk is being included. For VLA 1623 W, the derived bolometric luminosity is on the order of 0.13 ± 0.01 L .
To calculate the envelope mass, the formula from Jørgensen et al. (2009) , which takes into account that brighter sources have somewhat higher dust temperatures, is used and expressed as:
. (1) For this calculation, the 850 µm fluxes obtained with ALMA Cycle 2 Band 7 observations are used, in conjunction with the bolometric luminosities derived from the SEDs and described above. This method yields a mass of ∼0.8 and 0.2 M for VLA 1623 A and B, respectively, for a distance of 137.3 pc. For VLA 1623 W, the mass is 0.04 ± 0.005 M . If using the previous distance to VLA 1623 of 120 pc (Loinard et al. 2008) , the masses are decreased by 15%. Several caveats need to be highlighted here. The 850 µm flux from ALMA Cycle 2 observations only recovers emission from the disk and the inner envelope (up to 3 , ∼400 AU), but not from the large scale gas (> 400 AU). Thus the mass estimate reported here is not representative of the whole envelope mass. Furthermore, if VLA 1623 B is observed through the envelope of A, then the mass estimate for B is in fact not indicative of its actual mass.
Summary
In this paper we present new ALMA Band 9 continuum data toward VLA 1623, resolving the components A and B. PSF photometry of Herschel PACS maps provides unresolved fluxes between 70 to 160 µm, which trace the peak of the SED. The updated SEDs show that VLA 1623 B does not peak at 1000 µm, as suggested by based on SMA 850 µm observations, but might instead peak at around 100µm, similar to VLA 1623 A. The best fit using a graybody indicates that the dust temperature of both sources is in the 40 to 50 K range. There are large uncertainties, however, due to the unresolved fluxes of VLA 1623 A and B at wavelengths shorter than 450 µm, and thus the derived dust temperature should be considered with caution. With these results, the previous assumption that the continuum flux at shorter wavelengths is dominated by VLA 1623 A is not well based, and instead VLA 1623 B could be the dominant source in the infrared regime. Deriving source parameters or evolutionary stage from unresolved SEDs is non-trivial, and can lead to under-or overestimation of the parameters (see e.g., Murillo et al. 2016) . Keeping this caveat in mind, the bolometric luminosity derived for VLA 1623 A and B from the SEDs presented in this work, together with the rough estimate of the disk and inner envelope mass on scales up to 400 AU, provide constraints on the source parameters for each component, albeit with large uncertainties. The bolometric luminosity for VLA 1623 A and B varies by a factor of ∼2, and the mass of the disk plus inner envelope varies by a factor of ∼4 since it is dependent on the luminosity as well as the 850 µm flux. All parameters derived from the SED indicate that both sources are Class 0. In the scenario where source B would dominate the infrared emission, its bolometric luminosity would rise and the mass would decrease. For VLA 1623 W, the luminosity is lower by a factor of ∼4 compared to source A, while the envelope mass is lower by a factor of 20 compared to that of source A, consistent with its classification as a Class I source.
Along with separating the fluxes of components in a multiple protostellar system, the variability of the sources must also be taken into account when understanding the nature of these systems. Recent studies show variation in the brightness of protostellar systems, possibly due to episodic accretion processes (e.g., Herczeg et al. 2017; Johnstone et al. 2018) . For the case of VLA 1623, however, all three components have not shown significant variations in brightness in the submillimeter range. This can be noted in the 1.3 mm fluxes (Table 2) (2013) . The relative similarity of the fluxes at 1.3 mm suggests that there has been no large variations in brightness. There could be variations on the order of 10% at 1.3 mm, but given the uncertainties of the flux calibration, such variations would not be detected. In addition to variability in brightness, chemical signatures in the envelope gas can be used to probe episodic accretion Jør-gensen et al. 2015; Frimann et al. 2017; Hsieh et al. 2018) . Considering the characterized gas structure of VLA 1623 , no chemical signatures of luminosity variations toward the components of VLA 1623 are detected.
The presented results contribute to the puzzle of VLA 1623 B. The derived dust temperature from the SED fitting (40 to 50 K) suggests there should be warm gas emission from this source. However, no circumstellar gas emission in either cold or warm molecules has been detected to be associated with VLA 1623 B. In contrast, VLA 1623 B drives Bontemps & Andre (1997) a fast and collimated jet and outflow (Santangelo et al. 2015) , and presents a variable H 2 O maser (Furuya et al. 2003) . The lack of detected circumstellar gas emission around VLA 1623 B is difficult to explain. One possibility could be gas stripping due to interaction with the outflow from VLA 1623 A or VLA 1623 W (e.g. B1-b: Hirano & Liu 2014), but this would not explain why the dust was not stripped or presence of the outflow. Another explanation would be that VLA 1623 B is more evolved than VLA 1623 A. However this would not fully explain the complete lack of gas in submillimeter when VLA 1623 W does present circumstellar gas . A final possibility would be that VLA 1623 B is being obscured, either by the envelope of VLA 1623 A, or circumstellar matter with high optical depth. This would also introduce further uncertainties to the calculated envelope mass. Observations with subarcsecond resolution in the infrared are required to determine the nature of this object, for which JWST will be ideal.
